
IX ratio Is varfea r* ive tile Kraiq pnfmn enem. i 'cue. r .ui AV',.u.s. ,Uh. .,
detonator consist of,. base charge of ' iressi. each ) 0.55 L" were 6.4-7.1, " "r, 11.2-10.8. aad s )-."i

a- amixt. of I ith 0- %84, KCi, presse.' :o ad. ~A 1.00. on to~p' (A. N 7A. ai GD(' 1. resp. Also discr,.-...j r'0.1 g. pure 1, aud then 0.55 . H l CN), a Prier. PbN, charge length aad diat,. and a the angle ma t byals be_ use as_ U _ prinie-. Th h jimsons wtl the ,Itton ator '-and the horizisrtal -u-" oif the ekarge on the dit(-, e oarding pressure, and other lactor3 an kept to close Although the tjaun,4on districes fron fu.e to
to ensur. consistent rsWt Thes deton tos give the same order d marnaitude in both air and :

ater ay tan prevlousy kac types. Fm testing plosive, the distance *,vr N 7A is much less ttsha
cm.splosves, ft Is fident to use suitable single wades of compds. It is recointmended that the fuse be P1detonator. A suggested suitable e i as flaows: I/CI _ with the charge in actual practice. The resu t.

ratit 100/0. 8010. 70/30, 60/410, 010, 40/60 90/70, 20/S0, testing am not valid for a preosurized system. 'f
16/84, and / . For preclaio work, such an researh Into evidence that, when presmre i-4 placed on the wVA
factorg affectifg d anatilon poperties, the refesenca detonators is initiated and subsequently arrested by a C( !!
mus be Tay accuMA0y a&e. Ti may involve weigling all noanenon. An analogous situation is encount-
the charges on a prddoa babane and the use ad a specia prw- when one charge, placed too close to a s!od
lag =old with'accurately dimendoned staWoing pees to make b second by exploding before it.
smaj smit of detoaters . . Scholeld Haudlig and testing unstable materials. E.

CMulM of dl mtM Masti s rega d thir Itiating T. A. Ford (Thiokol Chem. Corp., Brigham City,
eidmcyto aimIchke of a of fa. tt rwk Haeuse- Ef.Pro.2(3),8-104(1986)(Eng). Satrtyinr

Il (Last. Chem. Tech. Unteriuch., an, a.). RExksw- handling of hydraxinium dlperchlorate was teste, '7
, uf.11(11) 2"-(13)(Ger). Fifte blastinc aand fuses friction, electrostatic, heat stability, and deton'i)

__ (omtg. Hg(NCO)s (1) or a I-XCIOs malt., some no. 8 blastingInterstate Commerce Commission classificati
caps..nd fuses, a no.9 b cap, &ad Nitropenta or Hexogen using detonatiol shock tests, fire sensitivity, h'-ll
tat fuses were t for their initiating efficiency am a Pb plate ity tests. Long-term storage, water deluge, ..
o s mm. thick, against TNT-ta press c (contg. 5-40% tests were also made. The tests described a,

on a Kat app., and In a Transl Pb block in compari- moat materials with high energy contents. C.
in~ sou with a 70/30 ,TNT-tr- mixt., NHCIO (I), &d picrk acid Explos _ hazards of ammonium nitrate undt i

(IMI). The values of both tests against a TNT-talc mlx, are R.W. Van Doish, C. M. Mason, F. J. P. I'c
comparable, but testing on a lead plate gave different values; and D. R. Forshey (U.S. Bur. of Mines, P
th rffectoftheeAsing material (Cu, Al) was observed. Testsof U.S., Bur. Mines, Rept. Ia.. No. 6773, 7PJ
the blasting capm eontg. I against the TNT-tac mixt. gave much The conditions under which NHNO3 (I) may v .
lower values than other no. 8 blasting caps but the Pb plate test jected to intense fire exposure have never been d
five € be results. The efficiency. of the Nitropenta or. trinsic sensitivity of I and I systems was stud
exo,were .at efective of all blasting caps techniques.. Fertilizer-grade I was detonati-d,

tested) increased wi the weight and d. of the charge. Themax. temp. very large charges and strong explsive (I
values of the Pb-blocktestagainst, werefoundforno.8blasting used to achieve detonation. The ct. diatil. ,,f
caps with Al casings; high values were also found for all powerful at elevated temps., implying an increase in w
fuses. The testing against very-sensitive I gave a much lower coated with 3% clay were less sensitive thim I
difference in values. The contribution of the blasting cap to the d parting agent. HsO in small amts. increak-d tih
Pb-block value of a blasting agent was detd. by a Pb-block test of I-fuel oil mixts. II). In simulated fr.v-l]
of a no. 8 blasting cap alone in an inert medium (NaCI or HO). transitions to detonation in I systems were it t i
A new test fuse is proposed; it contains 0.3 g. Pb(N), (compact- up to 10,000 psig. An inverted vented ve.s,
ing pressure 380 kg./m.'), Nitropenta 0.2 g. (pressed), and used to overcome the expt. limitations of the4
Nitropenta 0.4 g. (compacting pressure 380 kg./cm.') in a Cu and to develop more rigorous burning conditit
casing and has a 0 balance of -0.07 g. Jirina Seitlova to detonation were obtald with I intimately

Introduction of AN-JO (ammonium nitrate-ful oil explosive at oil, polyethylene, or paper. Hot I was dh,
the GogzenIronoramine, Sargans. R. Amberg. Z.Ersbergbau velocity bullet impact, and II were sensitive to i
Mejaihuelu.g w. 19(4), 1C9-72(1966)(Ger. The explosive was ments from another 11 charge several Rains. am',
tested by measuring the detonation velocity and comparig with
conventional explosives under similar conditions. The AN-FO s Stabilizing acetylene with cyclopantadlene.
ex,.,)sive, used in mrtsidge form, improved output and reduced S. M. Kogarko, I. I. Strlzhevskii, A. F. Plate.
Costs. H. Stoertz nishnikova. Neffrkhimiya 6(l), I0l-4(l1),
AN-FO amwnum nitmate-fud oil) In German ore mining. 62, 7578e. CsII n-'its. proposed for utilizatio,

He.lmut Eckhardt. Z. Erbergbau Mekfibuseh". 19(4), 163-6 of bicyclo[2.2.llhepta-2.,-diene (I) by condo
(196)(Ger). Nitroglycerin-free explosives consisting of NH- with cyclopt:tadiene (U) were examd. for their:
NOs and C compds. an described. Details of their application- considering the optimum conditions for the syr.
in mining are given, with special attention to 3 mines in West 340* and 6-13 atm. with the reaction temp. d'
Germany (Maubacher Bleiberg, Buelten Adenstedt, Wahlver- :reasing pressure an- the yields of I being prac,
wahrt-Nammen). The explosives art not water resistant and ent of the changes in the CsHl:11 ratio froth 2:
therefore cannot be used in HgO-filled drill holes. The spacing placement of N by other diluents. The expts.
of bore holes, the compn. of fumes, and the purling capacity of in a spherical 120-mm. reactor by burning a
S explosives are discussed. Loading techniques are described. center by a condenser discharge. The amnt. o,

or Isopentane (III) in the mixts. were 4-5, 2 t
Exploka e safety container. Martin F. Zimmer and Leo K. resp. Data for the explosive limits in mixts.

(U.S. Navl Propellant Plant, Indian Head, Md.). Il, C4Hr,, or Ul are tabulated for 300' and I
osusbe 11(11), 237-42(1063)(Eng). Medium-d. posy- and 4.2-10.3 atm., 300" and 3.6-15.2 atm., a

ethylene cylinders with explosive stored in a central cylindrical 2.0-7.5 atm., resp. The stabilizing action of
cavity are suitable, for low-order explosions, as fety containers. creased in the series N, H. CH4,o and I1. V
Other materials, Al alloy, polyurethan, nylon, Lucite, cross- strnctures, II had a lower stabilizing effect thlinked polystyrene, poy(vmnyl chloride), Teflon, and polypropyl- double bond. Since U is used in tire synth.i.one were unsatisfactoryor minimally acceptable. Polynrethan tlon mlht. with N is said to be useless. The exi..cylinders, even-when reforeed'wlth an external sleeve of Al, binary CH, 1:1 mizt. at 300' was (6.7 atn.
stainless steel, or 3 layer of Dacron fisdhng line, were not as C.H, must be decreased at higher pressu-rr
sturdy as polyethylene. The low-order explosion of 500 g. rate of pressure increase ad the max. prrs'urnitroglycern is confined, without fragmentation, by a poly- both dereased on diug. CH, with the stahilii,ethylene cylnder of 31.2 cm. diam., 28 cma. long (estd.) In a Floiefurmlae(OF)myb xl
cavity 5.08 cm. diam., 16.5 ca. deep; a 16-g. charge is similarly| Cady (Univ. of Washington, Seattle). Chew..confied by a cylinder of 10 cm., dam., 12 a. long (estd.) In al 40(1908)(Eng). In the pre r,, of peroxydixie'cavit of13 m da.ad7. m e a , A. Vounl sulfury l fluoride (SO5 P,), and'perhaps other con

-- _ . . . . T hese by-products w ere dlstd into a cold. ci.arad n water. M. Giltaire and 3.Cocu. &ple,/s' 18(3), strong enough to stem gas at 135 am, (The77-86(1g65)(pr). Results of a study are preserted lwhich show SOaP, is -. 0 atm), On warming to rooml to. :'the relation betwen the frequency of detonation initiation In a exploded, siuggesting that a chem, exlostio',pried charge and the trnmsinds~c rmthe detonating p than a simple expansin. SOF, decomp. >2t,

tnmmd~o die, ee fro

fsto the exploIe. Four coated, powd, explosive compdsb explosIon is known. iwere investigated, two of wich were dynaites desgnated C Lid hn w it N Insi t the S-ic6ndDCl, resp.,and 2ntrates, a, extenasleThe tn Ha n r N. t Awerican Aviation, In.,miiton distance in each case wa defined as that distance which Caudy (,nv. ProfWas hngtp, Seat tl). ,produced a frequency of m of approx. 0%. These dl. The insulation for the S-Il booster is eoastr.- '.
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I. Abstract
Polyethylene cintawrers that safely hold cornpa-

ratively large loads of explosive materials have been
developed and investigated. At first developmental
5tudies were made with polyurethane containers.
The effects tif material properties, shape and size of

*both inner tubes and containrsm, arid the shock at-
tenuation of the container material were investiga-
11;'I. Various materials were evaluated as possible
c6aodidates for fabricating the containers, and poly-
ethyliene was found to be most suitable. Two diffe-
rent sizes .f containers were developed. AJO1-cin-
diameter container can easily withstand the expilo-
sion of 15-g of nitroglycerin, and a 32-cm-diameter
container. 500-g. The smaller container weighs 0.775
kilogram and is easily handled in one hand; the
larger container weighs less than 22 kilograms and
is easily portable with carrying handles or in a cart.

2. Introduction
The Dupont de Nemours Company has developed

polyurethane -tote barricades" to protect personnel
hand-carrying sensitive material from the effects of
an accidental explosion. These barricades withstood[ the explosion of 2-g nitroglycerin only. Inspired by
Dupont. this study was initiated at NPP to develop
an explosive safety, container able to withstand the
txplosion of higher loads of nitroglycerin than 2-g

[ and to investigate the behavior of the container
during an explosion. To be explosion-safe, the sample[ carrier was required to withstand a minimum load
of 5-g explosive material. As an additional safety
factor, the sample carrier (Figure 1) was to be fabri-

Figure 2
Fig~ure I Trace of a shcdc wave transmitted trough a polyurethane safety

I u ttwrie Saft t Container of 8.1 cm Diameter with Inserted container by dine explosion of 5--g nitroglycerin and an electric
Polyecthylene Vial of 1.25 crn Diameter. squib s-67 (Dupont) as a detonator. writing speed: O863641.sec.

FXPL.OSJVSTOFFE Nr. i1119e3 237

Enclosure(1



.1.

Figure 3

Figure 3a Figure 3b
Explosion of 2-g nitroglycerin in a polyurethane safet. con- Explosion of 5-g nitroglycerin in a polyurethane safety
tainer. Framing rate: 240000 PPS. Interframe Time* 4.2 1,sCC. talner. Framing rate: 62,500 PPS. Interframe time, 16 1,,
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cated from a rr.~terial %1 lddi would furra harmless exerted b. :he hot gasses fr om the nitroglycerin
I. sgrnents upun bizeak-up from a mnaximum load t*plusior.7 The container !jegan to bulge within a
detonation. In other words. the mateuial had to be fe-a mzucr...nlurids after th. initiation of the expl-
one %idix& woud not fvorm fragments -,I one thzi sion of the naz:v.gi,.xnn. a..sd fractL.:e lines started
%%uuld furm fragirenith which would L.- harmnles tu to form sti.'n ghercafter- Jr. Figur-v 3a and 3b are
personnel. selected framing si:quec.% '.r a 2-g and a 5-g load

-Initially. an exploratory study %i~ :uiz..ie o irg~e
containers (aN]?P formulation) %% as made. as null tir- Tht cn.a#J Wtcz c behanioir of a polymer with
ethane. meets must of 11he prvrequisit-3 f.r a good increasing strain rates As analogons to its behavior
safe;#, wrntainer and is transparent so that the with di-ci. asirje temperature conditions. The po-
cie.t uf explosion can be observed throught. liii I urethArie L expised to strain rates of 25x 10'
sts ucture- Va. rous other materials ;,. ere investigated itt m inherefvre the percernt elongation of poly-
for possible use for containers. urvthane must be very sma.l and the tensile

Safety aspac:s of the containers with regard to, the strength relatively hi gh.
pressure on the user's hand during an explosion of a

-de' onatin-sensitive material will be reported later. Table I
Tensile Strength at 20 indiesiminute Crosshead Rate

3. Experimental Methods Polyurethane Polyethylene
Dain tisivetiato ahih pedfrmig Test Tenuil Mr.n- TenssXe Elozn-
Durngths nvstgaiona ig see famng ThiMpc- streenchi sauon Strenguz EatiOn

camera and a high speed streak camera were used. -.lur PSI-) ps)'i)

.he framing cam.~era takes 25 pictures of events at 25 C 203 126 2G40 592
rates up to 1.2x 10' frarnestsecond and the streak 0 C 800 280 1840 580
camera records detonation velocities with a writing 2 ~32 3

spe pto 4.A69 mmuizsec. A typical trace is shown 5
in Figure 2. In order to trace the passage of a shoc -5 C 7132.
wave in an inert transparent material like polyur- 1- Te& trth ae on oriinai semen area.

ethane, an expouding wire in a capilary tube is used 1i XlungaIton is calct.1-ted udsng an efrecflnrg length of L7I n.

as~ba&c light 11. 2. 31- Wi~t.12 ASTIS D 412-511T DIE CQ

-The containt 1-,. 8.1 cm in diameter and 8.5 cmn Table I gives the tensile strengths and percent
high. are filit-d ..;th various loads of nitroglycerin elongation for polyurethane and polyethylene for
During this z?.- estigation. nitroglycerin was em- 20 in. min crusshead rate at various temperatures
ployed as the standard explosive to determine maxi-I

mum afeloadforall samle arrers tuded. The container rlongates along the circumference

Since it was assumed that any accidental detonation astehtdoningssexndTe nrci-
would be initiated by a relatively small quantity of cumference or wall of the container elongates at a
energy ir& fim ti'f shock, electrostatic energy, local much higher rate for a given i~dial expansion of the
heating ~eect, vtc. an S-67 Dupont squib or a 70 rug inner hole than for the zone farther fromn the center
cyanuric triat.dv- initiator jolted with 12.5 joules of periphery. Therefore, the polyurethane starts to
current was um-o it) explode the nitroglycerin. The fracture from the inner wall when maximumn elon-
yesulting explomion phenomena of! the nitroglycerin gto ftemtra sraid nFgr r
and the effkects on the container ar-- recorded 'with sample containers after nitroglycerin has been ex-
the cameras- ploded in them. The maximum nitroglycerin load

limi9 for this polyurethane container is 3.5-g.

4. Results

4.1 Exploratory Investigation

Polyuirethant- explosive containers u cre fabrica-
ted with. 401 a Toluene Diisocyanatt' (80 20-2,4/2.6)
-3nd 60' o castor oil. The polyurethanemixture was
poured into an appropriate mould and then a vial
either of glass or plastic was immersed in the po-
lyurethane which was cured for several hours at
80' C. Figure 1 shows an example of a safety con-
tainer. The sample carriers were filled with 1-5-g
nitroglycerin, and each one was set off while high
speed framing sequence photographs of each shot
%% ere made. These photographs and the containers

we-re then examined and the following observations

glycerin was of low order Thi' low-order reaction Figure 4
Polyurethane "t~sy contidner after testing with varying loads

will henceforth be termed an "explosion" rather than of nitroglycerin
detonation". During the explos.ion there were two I I -g nttroglyc'.ri. Approximately S1) mg cyanuric tria-

l: 1.5--g nltroglycerit. zide and ar exploding wire (OM0 V,
destructive forces acting on the container. They 3. 2 -g nitroglycerlin 3,F) were used as detonators.

were: The shock wave and the outward pressure 4: 5 -g nitroglycerin

FXIILOSIVSTOFPx Nr ii IPA323



I/I
4.2 S.reng hening the Polyurethane Figure 6 shows a plot of radial fracture line length

s onta ner versus n.troglycerin load. The basic unstrengthened
Aft. ' this iprehminary study, the basic ontainer .ontainer can safely withstand the explosion of only

was -difietI in several ways arid tested with 5-g 3-g nitroglycerin in view of the fact that the frac-

nitr -,lcenn. The total strength of the container lure lines reach the outer wall of a 4-g nitroglycerin-

can ie increased by wrapping it with a strong cord tested container. Figure 6 also shows the increased

or A ire, or by encasing it with a strong metal tube. load capacity for strenghened containers.
The dacron-wrapped container withstood a maxi- Various containers were fabricald with alumi-
main load of 9-g of nitroglycerin. In Figure 5 are num and stainless steel outer walls an3 tested with
jwAturts of these containers and also one of an alu- 5- and 10-g loads of nitroglycerin. Aluminum (707r-
miniumencased polyurethane container after ex- T-6) container with walls of 1.25 cm thickness was
,osive testing. The reinforcements were removed in able to withstand the explosion of 9.5-g of nitro-

.'rder to take pictures of the containers, glycerin with no change in dimensions. Stainless
steel containers with walls 1.8 mm thick were able
to withstand the explosion of 5-g loads, but the steel
casings were deformed to some extent.

To increase the tensile strength of the material.
various amonts of glass wool, fiber glass fabric, and
nylon fabric were added in a spiral pattern around
the central tube. The tests showed that the increases
in st:ength were not great enough to warrant
further investigation along this line.

To interrupt the propagation of the shock wave
and the fracture lines through the polyuretham
material, the following containers were fabricated
Strips of polyurethane 8 cm wide and 0.15 cm thick
were wound around a 1.25 cm vial until an 8 cm
diameter was formed. Glass and polyethylene bea-
kers and tubes were positioned concentrically around
the central tube.

In all probability the poor Wond between the poly-
urethane layers in the first case and between the
polyethylene and polyurethane or glass and poly-
urethane in the setiond case weakened the structure

-C-- 4of the containers, as they did not withstand the ex-
- .'!plosion of 5-g of nitroglycerin. However. there were

Figure 5 indications that the polyethylene interfaces preven-
Pol.yurethane cont.. er with various reinforcements

f3 ;acrs of dacron fishing cord 130 Pound test. after the ex- ted propagation of fractures. more than glass did
phsion of 5-g nitroglerin. good (For
Alummium outer walls 1.25 cm th cknss), after the ex- Air bubbles are shock attenuators.
ploslon of 5-g nitroglycerin.

3: Aluminium (075-T- ) container after the explosion of example, in underwater explosions the measuring
io-g nitroglycerin. equipment is protected by surrounding it with a

veil of air bubbles. [41 A large part of the shock
energy is absorbed by the air bubbles.) Therefore

outer ualt foamed polyurethane was used to fabricate contai-
ners. The structure was weakened to such an extent
by these modifications to the containers that no in-

- -. crease in the load capacity was observed.

4.3 Effect of Tube Material, Size, and
- -'" Shape on Over-all Conta;ner

Strength
"' "Besides glass tubes, polyethylene of medium den-

sit,, and polypropylene of high density were used
as vials for the containers. There was considerabl%

" ol'Urethane container without strengthening material less fracture formation in the polyethylene tube
container when fired with nitroglycerin than in

Poil.urethane container strengthened with 3 layers of either the polypropylene or the glass.
I'olyurethane container in A1075 T-6 casing The effect of the explosion velocity on the inve-

stigated safety container can be compared to the
C] 1,.1 arctmajit tontaintr strengthened with one layeri tchromwire 101 I'd-test influence 01 the detonation velocity on the Trauzl-

Block. Since high pressures in the detonation front
Fig. 6 correspond to high detonation velocities, the leto-

Fractes tit -- plosie Safety Containc cnused
by Exploding Nitroglycerin nation velocity must be taken into account. l.
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';i. -n pe %ue at-casA- b t-- p- .t-m .)f the Table 11

!lrciti.'. inie thf, dtii.-o mi.ca- rAt -. .. waith- Materials acd Dimensions of Tested Containers
n ht- dutorati., n zo..4 The zo. -t ..-r- high- % . Cri. ner ofatIs . If Load

rsies of v, I % short duration .1, do-4vination. ________________________

%eloci1 only a Pa:rt of! 'he cnee. .action takes . . A.3

'place v ithmn the det,.iaizjun z~n# aiA I, re als a is
tlvri.;r, action bWand the det..nato-,i mrint caus-

in~g asPx r,nire which acu. o*ver a 1. .nger Period .1h D o.-%r L.ne 1cm 125 cm 4-5 cm~ o 5 g
S.,~~1 ii:XI')ytreth-An- wisth

Nr Ic~ n. as witri many o'tb.-' - plm.%;-'es. has .Iinzaing 81ci 1.25cm in hnk ii

-I low ..!:d ai h-ch --rdo-r det..nastion ;.ellocify Charge I', Iyur.-ihan wath
dr Ygl. c.-n. ~i.ac~iic-ph- Ahmznnumaincasing 7.5cm 123c CM cm (- 109

sica' 'I IC. .InZ .. ,'.i-'n of1 in..*si.. d the- I1y~thylliIC 10 cm 1 .5' 5cm 4 .i - I i
I bLrao 'ot, tn'.'a * :-P-evum D.vn-xiy to cm 1 23cr..1 7 'crn I-i11 g

havi slitd *Itht- pararn.'.. - i if, t.'ia.?s,,r of Fu.-6SAiun.ir.s-r. 8.7cri LIS crn t.om it t -
noirog. t v..- and h.. - _,Nlt,&i~aht-d the high order 4-1 m t5.i hr
47.18" n. ~.c and th. . w o.rder (2200 mi 'ecp delts- Luc-ie 10 1 cm 125 rm .. - 5 it

liter".uit' I-. .1taliab..)IU. t"' Ilk, lill" WC.,-link'di lot1 cro 125. m 0 irOcr 1-. 5 r
mall r-. I(.ri'.er.. aind small 'idfla-tu.r 6-a.ar_--s PlI.1 Chiorat 10) 1 cm I z5 %ni lo%.m 4 -, 56a

Thf.n r'at--p '..e ft..- expi'.aioorc. with small Teflon 10 1 cm 125 cm 6 cm 4- log
dcoa~r., i. -'i- I ,t an timsta-ady one. The initial i'u*ypr,pvlene 10 1cm 1-25 cm S-0 cm (-1 5 a
ex 'ii .9 * tI' -1%- n--t iiutfamed continuously The PaIWv.-hen&' 31 2,cm 23 cm 17 %.M I -) loog

ictol.c..,£dct ir -p Is doun the 1i-ngth of 31-2cm~ 3.06cm ~21cm 0' 0=g
ine tu, a- Iii" k~ f-'.ra! passes Since th. eleto*- 312cm 5.08 cm 165 cm 1 4 C50

1%a.~'.- . . r.ient upon the innt r dia- i O iishUnd the explosionro fthe nicate1 aniount ef
n~ttc K - * '.anngthe char.--. it was con- !fi'iricfl41

4-*Did no! witristand.
sidi. I .~-- - ;. .etawt of th- ,.mali (8 t r 10 cmr

d~na 1 ~~ I- '.tntr toy kevp *h- tubc di..m..er glycer-in with very htiwe change in either the inner
btelow tr,-- Iiaameter- ior foitroglycerin i i- f.
iiated h%~ .mtr This "critical'diametter' r outer diameter (see Figure 5).

ws mo a" - I 12- mrm. At this diameter. the The- pulyethyl?ne container x~ithstood the explo-
1. 7' tv 185 m sec and lower for sb-'n of 10-g of nitroglycerin with very little outside

'maea ~a~.' i-cssharply and pa ses into a 6eft'rmatiun. However. there was some change in
tvad% ' it ' ,i.,inn of! high "rdcr with incr.'as- both inner and outer diameter with a 15-g load of
ng dian- , ivestigate this phenoime.n.'n m'a- ritr4uglycerin (see Figjre 7). The container sustain-

surt mvro- *.Yi 1-' transition oIf deflagr--tion Ili de-ti.-
tioliton 411 %, Y: vrin hav'e ht. en initiated.

On the *A a id. the iati.' 'if -,he diameter oif the -

lube 1'o :.-nvh of the rhaige -ihould be kept a-;
~hr~,that a steady-plane detonati'rn

ave cannot build up as eaisill, as it would if the
diat e 1ngfl Ncre high in comparison to% its dia-

i-'iTn.. p..s-sibilst% was considered that ..hanging
1le shape of the vial might enable tht. .ontainer to
.th-tad the* explosion of hiph...: load.-: if nitio-

2l~cerin. eithur by inclosing the hi. s or. by its
-iape. dire.cting most of the biast effect upwards.

-or ,iad of nitroglycerin. flu observable- adt-
.wtjagv In all% speLific shape was found Sineci M'e

lindr.cal tube %~as the easiest to fabrmca:,( Ili
i tii ther (onftaifler had tubes of this shape

14 Ef!l oct of Container Material and Si-
on Niti-i..gyeerin Load Capacity

Tabitl I s thevarious container inaterialsu hiii
'it t I i -i Co~ntain~ers 10 cmi in di-anu'ei wen f.- I. agute 7

Pii% eth> len'- c.i, ta .'er tr-lied with varying ioads of nitroglycerin
I ix.ated witl, 125 mim 1. D. holes and %keie lirtd 1, -giiltroltieprin Asquib A87
- ith 5-g of niti-uglycerin. The alumninumn and the , io -vai.trojeicerin -squib A67

ntirn&~i piylivec eethe ti\ coni- 3- *I5-g nitrogi.%cerin ;-squib A67
ii ' diun-dvat plyetylen ~~te iht- c-reits on coWnr' 1 and 2 show the original fizes of thetatifei s th. %v ii nlstood the explosions The ilutninuin mt ta.it tire testing. Foi ,aentainer 3. the original size Is drawn

* 'nt.Ainer a.- %%Aistiitod the explosiomn 1ii-4Zo nitrii- i.Iaiging of thte hole, this container was bisected. h

I XPLOSIV'.iol I 1r 11 1963 241

'Y ~ ~



ed the detonation very well, and no fracture lines Polyethy lene has an .irrangement of threadlike
could be seen. It is evident that the expansion of the molecular carbon chains which is iniermediate be-
container hole during the explosion increases down- tween those of the two conventional types: one the
wards. This is because the pressure acts for a longer completely ordered or crystalline arrangement, and
period of time on the end of the charge than on the the other a purely random or amorphous one. With
top of the container, where the explosion gases can these two arrangements, the polymer is both tour
escape faster. A. Haid and H. Koenen 19] found that (due to its crystalline qualities) and deformable (dtu,
there was considerably less expansion of the con- to its amorphous arrangement). Ordinary polyeth,
tainer hole in using high density explosive in the lene has a high degree of crystallinity (aroud
TrauzI-Block than low density explosive. In testing 60-70*1) as it has been estimated from x-rai
the containers, therefore, it should be taken into studies [8].
consideration that the bulging of the container would Durng most of this study, the nitroglycerin w,
be influenced by the density of the explosive as well initiated to a "low order explosion" by a DuPon
as the amntatdtoauworenxpointb D~oS-67 squib, jolted to detonation by passing 12.5 jou,-

Polyethylene containers 32 cm in diameter were les of electricity through it. These explosions woul-i
tested at 100 and 250-g of nitroglycerin with very thus correspond to accidental explosions, as men-
little outside deformation (some inner deformation). tioned above, since any accidental explosion would
At 500-g mtroglycerm load, the container deformed be activated bya relativelysmall quantity of energy
to some extent (see Figure 8). The container su- It is of interest, however, to determine how th-
stained the deformation well. I so neet oeet eemn o h

containerwithstood a high order detonation. Figure 14
shows the 10 cm diameter polyethylene explosive
sample container after detonating 5 and 10-g of
nitroglycerin to high order by a Hercules J-2 blast-
ing cap (12.5 joules). The J-2 blasting cap has a 1-g
pentolite load. The container withstood, essential)'%-
the detonation of a 6-g load (5-g NG - 1-g explo
sive in blasting cap), with some deformation. Th,
10-g nitroglycerin loaded container (- J-2 blasting
cap) ruptured along the weaker side.

5. Conclusions and Future Work:

Figure a It was found that medium density polyethylene is
Polyethylene safety containers after the explosion of 100--g. an ideal material to use to fabricate explosive safet,.

250--g, and 500-g of nitroglycerin.
The circles on top of each container indicate the original sizes containers. A container 10 cm in diameter can easily

of the holes (compare also Table 11). withstand the explosion of 15-g nitroglycerin and

a 32 cm diameter container, 500-g of nitroglycerin.
if small detonators are used*). The handcarried
10 cm diameter container deforms slightly with th-
explosion of 15-g of nitroglycerin. The "critical"
diameter fo, low order nitroglycerin explosions
initiated by S-67 DuPont squibs was found to be
12.5 mm.

Some pressure measurements on the containei
walls during the explosion will be made in order t-,
obtain some information on the pressure shock
acting on the user's hand.

To protect personnel synthesizing hazardous ma-
terial the equipment needed for synthesis will bf
coated with polyethylene.
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